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DENSITY  DRIVEN  CONVECTION



DESIGN  CONSIDERATIONS

• Optimize System Processes
–Mass Transfer Efficiency
–Circulation Area
–Geochemical Environment



DESIGN  CONSIDERATIONS

Mass Transfer Efficiency
• Henry’s Law Constant
• Temperature
• Air flow-rate (air/water ratio)
• Residence time (contact length)
• Bubble size (0.25-0.5 inch)



DESIGN  CONSIDERATIONS

Circulation Area
• Anisotropic ratio is

-Horizontal hydraulic conductivity
-Vertical hydraulic conductivity

• Type of substrate
• Plume thickness
• Pumping rate



DESIGN  CONSIDERATIONS

Geochemistry Environment
• Groundwater system characteristics
• High Fe -> precipitation
• Calcite system 

-if DDC increases pH
-modify using CO2
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DENSITY  DRIVEN  CONVECTION



DDC  SYSTEM  LAYOUT



WELLHEAD  PIPING  CONFIGURATION



PIPING  CONFIGURATION  at 
TREATMENT  UNIT



DDC  EQUIPMENT  UNIT



DDC at  JUANITA  VILLAGE  SITE
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Peak and Average PCE Concentrations
 vs. Time/Incremental Cost
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DDC  RESULTS at JV 

Total Pounds of PCE Removed
• On-property DDC system…..….19.5 #
• On-property SVE system…..…197.0 #
• Off-property DDC well…….……0.7 #
• Off-property SVE well……...… 13.6 #

Total pounds of PCE         230.8 pounds
Remediation costs                     $370,000



OTHER  APPLICATIONS

Other DDC Remediation Site Results:

• 1,1,1-TCA at Pasco Landfill, WA
• 1,1-DCE at Pasco Landfill, WA
• TCE at former EMF site, Seattle, WA
• TCE at Coeur d’Alene, ID



Figure 1
1,1,1-TCA in Treatment Zone Wells
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Figure 2
1,1-DCE in Treatment Zone Wells
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 Observed TCE Concentration Reductions 
in Performance Monitoring Wells, Former EMF Site

(note logarithmic scale on y -axis)
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DDC WELL IN COEUR D'ALENE, ID
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CONCLUSIONS

Density Driven Convection Remediation
• DDC is effective treatment for VOC
• VOC reduction 95-99%
• DDC estimated effective at 50-80 ft radius
• 6-18 months
• Remediation costs  $200,000-$1m



NEW ADAPTATIONS

New Adaptations of DDC:

• DDC/co-metabolism
• DDC/advanced oxidation
• DDC/reactive media in infiltration
• DDC/bioslurping



RECOMMENDATIONS

Density Driven Convection Remediation:

• DDC is effective for VOC & some Semi-VOC
• New DDC adaptations are effective

• DDC not effective with metals, pesticides, 
inorganics

• DDC not effective in low permeable substrate
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